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NOTES ON THE HI STOLOGICAL STRUCTURE AND SPECIFIC: GRAVITY OF 
THE SEED S OF PYRUS. 
BY L. H .  PAMMEL AND LUELLA ROBB. 
A number of investigators have made a careful study of the seeds of the 
common quince (Pyrus vulgaris) , largely because of its use in connection with 
medicine and the interest attached to the mucilaginous character of the epi­
dermal cell walls of  the outer seed coat'. Little attention, h.owever, has been 
paid to the structure of the seed·s of  the common apple.  Kratzman2, Vinton and 
Moeller', H ill4, and Harz5 call attention to the structure of the testa. 
The cultivated apple i s  a very variable species, not only with reference to 
the general morphology of the seeds, fruit, flower and leaves, but the micro­
scopical structure also shows considerable variation. This is not strange if one 
considers what the probable origin of the apple is .  The so-called Pyrus malus 
is variously considered as having been derived from a wild form which exists 
in Europe and eastward as indicated by Prof. Beach', who says : "The original 
home o f  the apple, P. nialus, is not definitely known. After examining the evi­
dence carefully A. DeCandolle came to the conclusion that it is  most ( ?) in­
digenous to the region south of Caucasus, from the Persian province Ghilan on 
the Caspian to Trebizond on the Black Sea, and that from prehistoric times it has 
· existed in Europe, both wild and cultivated, over an area extending from the 
Caspian Sea to the Atlantic Ocean, except in the extreme north. He cites 
it as being found wild in the mountains of Northwest India, but not in Japan, 
Mongolia or Siberia." 
Focke' says that the apple was known in both wild and cultivated forms In 
very early times, having been grown by the Swiss in their Lake villages, and 
that numerous species now known are the results of crossing and careful selec­
tion. A primitive, shrub-like form, P. pumila, still grows in the Caucasian and 
southern Altai regions and a somewhat more tree-like form, P. dasyphylla, is 
found in the orient, the flowers of both these varieties being somewhat woolly 
when young. The P. prunifolia, a garden tree, according to some authors, is 
found on the Siberian-Chinese borders and has a somewhat hairy blossom, woolly 
pistil and long stalked fruit ; this i s  the primitive form o f  the Astrachan or 
Russian apple. Many species of the apple come from accidental crossing, and 
by cultivation these forms have become permanent. The Romans recognized 
twenty-nine varieties o f  the cultivated apple, while at present we have hun­
dreds. 
See B ibliography . 
2 .  Kratzmann :  Die Lehre von Samen U .  
3 .  The Microscopy o f  Vegetable foods with special reference t o  diagnosis o f  mixtures 323 . 
4 .  Annals of B otany 20 ; 395 . 
5 .  Landwfrthschaftliche Samenku nde.  Berlin 1885 . 
6. Beach , Booth and Taylor ,  " Apples of New York . "  1 .  
7 .  W .  0 .  F ocke i n E ngle r and Prantl , Die naturlichen Pflanzenfamilien , Rosacere , III 
Theil .  3 Abth . , 22 . (47 ) 
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According to Winton and Hanausek the testa consists of  six layers which _• 
they designate as : First, the outer epidermis with o uter walls, greatly thick-
ened and a laminated structure. Second, the hypodermal structure with greatly 
thickened pore walls .  Third, the tube cells,  a layer of loose tissue of two or 
three layers with rather thickened walls.  Fourth, cross cells l ike the tube cells .• 
but with transversely elongated elements. Fifth, starch cells, thin walled cells 
which contain minute starch grains. Sixth, the inner coat or inner epidermis, 
as they call it, this consists o f  transversely elongated cells w ith polygonal form 
and intercellular spaces absent. The coat is followed by the perisperm, endo-
sperm, and embryo. 
Harz in his Btudy of the fruit of Poterium and Sanguisorba indicates that 
the testa consists of elongated cells  with fine granular contents, underneath 
the epidermas three or four rows of compressed cells, this represents probably 
the perisperm or the inner teBta 
The endosperm consists of  a single row of cells somewhat longer than broad, 
filled with granular material, the cells of the embryo in contact with the endo­
sperm are isodiametric or sometimes a little longer than broad without palisade 
parenchyma. The pal isade parenchyma occurs upon the upper face of the coty­
ledons or where the two cotyledons meet. The embryo contains no starch, 
but an abundance of fat and protein. 
The seeds of Sanguisorba consist of the testa and endosperm and a probable 
remnant of the perisperm. The testa is thin without sclerenchyma elements, 
the outer rows consist of rather thin walled parenchyma cellll, the two or three 
layers underneath are like it, but somewhat more compressed, underneath these 
larger elements the compressed elements which probably represent the perisperm 
or inner seed coat are found. The endosperm, like the preceding species. It  
appears from these studies of Harz that there are some radical differences be­
tween the Proterium, Sanguisorba and Pyrus. The absence of the sclerenchyma 
in these genera is noteworthy. 
The Tes ta. The general characters o f  the seed may be gleaned from the 
following description from the Ben Davis apple. The testa is slightly irregular 
on the surface, the epidermal cells of the outer testa are thick walled and 
laminated. The walls swell somewhat on the addition of water. 
Sclerotic parenchyma. The sclerotic layer is  somewhat variable as to the 
number of rows of cells, the number varies from fifteen to twenty, brown in 
color. The cells are thick walled with pore canals, the lower portion of the 
'8clerotic parenchyma may possibly be differentiated into a distinct layer. Win· 
-ton and Hanausek indicate tube cells and cross cells. The spongy parenchyma­
!like lower portion of the tube cells may be differentiated in some cases, we do 
mot, however, consider that this is essentially different from the sclerotic paren­
ichyma. Most of the variation in varieties occurs in the epidermal and aclerotic 
layer, shown in sketches. � 
Cross Cells. The cross cells are not always evident in sections of the apple 
seeds, but they are evident in the Baldwin and Iowa Blush apple seeds. 
Starch Cells. The starch cells consist of a singl e  layer of colorless thin 
walled cells filled with minute starch grains made very evident upon applica­
tion of iodine to the section. The presence of starch here is very unusual in 
seeds. The cells of the inner seed coat are very much compressed, polygonal in 
Dutl ine. 
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The Perisperm. The perisperm is greatly reduced and consists of several 
thick walled compressed elements, apparently structureless. The ·perisperm 
stains yellow with chloriodide of zinc. 
The Endosperm. The endosperm is fairly well developed and is even evi­
dent with the naked eye. This consists of the aleurone cells which are color­
less, thick walled, polygonal ,  the contents consisting of protein and .fat. The 
lower portion of the endosperm consists of compressed elements with very small 
cell cavities. 
The Embryo . The epidermal cells both above and below are nearly lso­
diametric ; the cells underneath are elongated of palisade form, compactly ar­
ranged ; densely filled with aleurone and fat. In some cases the palisade cells 
are more evident on the upper face of the cotyledon. The number of rows varies 
from two to three. The draw ings of different varieties indicate the form. The 
apple forms no exception to the rule found by one of us that where the germina­
tion is epigaeous, palisade cells occur on the upper surface as in Leguminosae. * 
The following table shows the difference in size of the cells of the testa 
and embryo : 
THE E M B RYO . 
Upper Cotyledon Lower Cotyledon 
ronathan - - - -- -- ­
Baldwin - - - -- -- - ­
Wine Sap - - - - - ­
Iowa Blush - -- ­
Salome --- -- -- --- ­
Greening - -- - - - - ­
Willow Twig - - ­
Seedling - - - - - - - ­
Sweet Apple - - ­
Northern Spy --
thick 
thick 
thin 
thick 
thick 
thin 
thin 
thick 
thick 
thick 
Epidermal Palisade 
Cells Cells 
22.221 27.159 19. 752 49 . 880  
17.683 19.  7 00  29 . 628 46 . 911 
22 . 221  24 . 690  22 . 221 69. 132 
22 . 221 14.814 19. 752 51 . 849 
14 . 814 14.814 19. 752 42.373 
24 . 690 22. 221 14. 814 64 .194 
24 . 690 29. 638 24. 690 34 . 566 
19. 752 29 . 628 14. 814 79 . 008 1 
19.  752 22 . 221 19 . 752 88 . 884 
19 .752 17 . 683 24.690 29 . 628  
THE T E STA 
Sclerotic 
Cuticle 
thin 
thin 
thick 
thin 
thin 
thick 
thick 
thin 
thin 
thin 
Epidermal Palisade 
Cells Cells 
I 29 . 6281 9.  752 24 . 690  44 . 442 
24 . 690 114 .814 22 . 221 34 .566 
22. 221 17. 683 17.683 22 . 221  
27 .159 , 22 . 221 19. 752 71 . 601 
12. 345 , 22 . 221 14 . 814 56. 787 
17 . 683 1 19. 752 24. 690 39 . 504  27. 159 122 . 221 27 . 159 46. 911 
22.221 22 . 221 19. 700 67 .063 
22 . 221 14.814 24 . 690 71 . 601 
14 .814 19. 751! 17 .683 42 . 373  
Elongated 
Epidermal 
Cells Parenchyna 
Jonathan --- ---- - - - ------ - 29 .6118 42 . 378  
Baldwin ----------------- 14.814 24 . 690  
Wine Sap ------------------ 14 .814 22.221 
Iowa Blush -------------- 27.159 34. 566 
Salome - ---- ---- --------- 14. 814 29.628 
Greening ------------------ 24. 690 29.628 
Wlllow Twig ------------- 22. 221 29.628 
Seedling ------------ ------ 19. 7 52  29 . 628 
Sweet Apple ----- ---- -- -- - 24 . 600 27 . 159 
Northern Spy - -- - - ---- - - - 24 . 690 27 .159 
Paren chyna 
12. 34-5 17 . 683 
24 . 600 19.752 
----- --- -------
34. 566 27. 159 
14 .814 17. 683 
14 .814 22.221 
19.752 22.2"A 
17 . 683 19. 752 
19 .752 22.221 
22.221 27 . 159 
--- -- -- -
74.M'O 
- ------ -
59.256 
74.00'0 
49 . 880  
49 . 38()  
67. 063  
34 . 566 
59 . 256  
Endosperm 
- ---- --- 19. 752 29.628 
14.814 22.221 27.159 
"i7:683· - -- ----- --- -- ---19 . 700 39 . 504  7 . 4fll 17.683 19.752 
7. 4fll 17.683 19.700 
12. 345 22.221 24 . 600 
7 . 400' 17. 683 24.690 
4.938 22.221 39.504 
9 . 876 17.683 27.159 
* L .  H .  Pammel . Anatomical Characters of the Seeds of Leguminosoo , chiefly Genera of 
Gray's :Manual . Tran s .  Acad . Sci . St.  Louis . 9 :91-272 . pl.  7-34. 
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T'1e following table will show the difference of the diameters of the seeds in ;-
width and length in millimeters : 
� I 
" 
o� I " " 'A .<:I 'A 'A b.O A "' Q A A Q ro "' A ro ro 
.e " I " · "  � �  '° "  _g �  �� I ·� " " '° m ,_, - i:: - 8 .<:I » ., _  ,_, A  b.O " _,, i:i. " A ro A aJ A  " " - i:i.  _ i:i.  CJ 0, I 0 t: A � A  i:: i:i. '° p � � :;::::: ro '" " ;.... d I '2 o m ,::; " � "  § "  rn � f:Q Cl ! rn z .., 
measures m m .  wide _ _ _ _ _  5 5 � 4� 5 5i 6 5 5 
1st see d ,  
measures m m .  long _ _ _ _ _ _  8� 7� Bl 10 11 11 10� 10 Bl � 
measures m m .  ,vide _ _ _ _ _ _ 4� 47 4� 5� 
_ __ _:: i 
6 6 lij 4(1 5 Znd seed , 8 
measures m m .  long _ _ _ _ _ _  1 2  7 9 11 10� 11 10 8' '  10 
measures m m .  wide _ _ _ _ _  ------ � - - - - - - ----- 5� 1  6 5� 41 
3rd seed, 
_ _ _ _ _ _  I _ _ _ _ _ _  I measures m m .  
·:::; : 1  11 ------ - - - -- - 111 8� � 8 9 measu res m m .  l:i :::::: :::::: [::::::· :::::: - - - -- - ------ - -- --- - ----- ----- -·lth see d ,  measures m m .  long _ _ _ _ _ _  
The weight of the seeds dry are given in the following table.  Gram and 
milligram weights were used : 
N o .  of mg. 1 seed weighs . . . . . . . . . . . . . . . . 1 46 ! 35 1 38 49 1 50� 55 I 3H i 30 I ml 3,g! 3Hll 33 
��: �� ��: 16 �::�� :::lR : : : · · · : :  . . . .  : : : , ao�• i 2�1 . 2'.�u'.� . ' ��� . . . 3�� . . . .  1 22� . e . 1 259 . ���* 2�'.'. ��: . 
No . of m g .  12 seeds we!gh. . . .  . .  . .  . . . .  509 42H 462 467 . . .  . 605'! 483 
!
' 418§ 453l . . . .  1 421 1 43H 
N o .  of m g .  16 seeds weigh . . . . . . . . . . . . . . . . . . . . 535 . . . .  954 I . . . .  • •  • • • •  · . .  · . . • ' . .  • • • • . .  • •  · · 1  · ·  · · 
N o .  of m g .  17 seeds weigh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . . . .  . . . .  
1
641 
No. of mg. 23 seeds weigh . . . . . . . . . . . . . . . .  926'! 1 . . . .  915 . . . .  I . . . .  · � ·  
g
��� · . . . . . .  . : � : : : : : : I : : : :  : : : :  
No . o f  m g .  25 seeds weigh . . . . . . . . . . . . . . . .  . .  . .  . .  . . . 129� mg . . . . . . . . . 8 16 . . . .  . .  · I " . . 
No . of m g .  28 seed s weigh . . . . . . . . . . . . . . . . . . . . 1991 
I
. . . .  . 1872� . . . .  . .  . .  1 • •  . , . . . . N o .  of m g .  26 seeds weigh . . . . . . . . . . . . . . . .  . .  . .  . .  . .  . .  . .  . . . . . . . .  ' . . . . . . . .  1 900 : . . . .  
N o .  o f  m g .  20 seeds weigh . . . . . . . . . . . . . . .  · 1 · . . .  . .  . .  . .  . . . . . . . . .  T . . . 1 . · I · . . . 1 705 
In recent years some interesting work has been carried on with reference 
to specific gravity o f  seeds of variou'S kinds, especially with reference to the 
seeds of  some of  our horticultural and agricultural crops, i n  this connection the 
paper of  V. A. Clark is of especial interest. Clark gives the bibliography o f  
older papers on t h e  subject. chiefly those written by �Wollny8, Nobbe", and Lyon10 
and many others. 
The papers by S tewart and Pammel11, and Pammel, \Veems and Scribner", give 
the "Specific gravity of our American seeds. 
8 .  ''l'ollny , E .  Saat u. Pfiege d .  Landw. Kultur Pflanzen. Berlin 1885 . 
9 .  N ob b e ,  F .  Handbuch der Samenkunde , Berlin , 1876 :313-321 . 
10. Lyon , T.  L.  The adap tation and improvement of wi nter wheat . N e b r .  Expt . Sta . 
B ull . 72 : 19 .  
1 1 .  Stewart and Pammel . I a .  Agri . Expt . Sta . B ull . 2D :26. 
12 . Pammel , Weem s , Scribner . Ia . Geo . Surv . Bull . 1 : 68 . 
r 
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Clark" in his paper concludes that the "Correlations between specific gravity 
of seed and vigor of the resulting seeding are less close than correlations be­
tween the specific gravity of the seed and its germination ; nevertheless such 
correlations do exis�, it  appears, in sufficient degree to make them of value in 
practice . "  
The specific gravity of the seeds before they were stratified was determined. 
First the dried seeds were weighed in a balance, then a common specific gravity 
bottle ; weighed the bottle dry, full of water, and full of water and seeds to fill ; 
the stopper to the bottle contained an opening clear through it. This method 
was used after consulting Prof. L. B. Spinney o f  the D epartment of Physics, who 
thought this would give best results : 
. mass grams mass. . Density = -1- = -- Vol . = d------;---t Wt. =  weight. vo . c . c .  ens1 y 
( 1 )  
( 2 )  
(3 ) 
(Wt. of bottle , seeds and H,O to fill ) - (Wt. of bottle and seeds) =Wt. of H 2 0  
to  fill . 
Wt. of H 2 0  contained in bottle-Wt. of H,O to fill after seeds are put in 
. 998 the desity of H ,O 
No . of c . c . occupied by. the seeds , i .  e . ,  the vol . of the seeds . 
8 'fi 't _ density of the substance peci c gravi Y = density of H 2 0  at same temperature . 
Two specific gravity bottles were used ; in the first one the wt. of bottle full of 
H 20=36.2467 , wt. of bottle dry=29 . 5802 , wt. of H 20 contained=difference of 6 . 665 
gr. The first bottle was used for Iowa Blush , King and Jonathon apples , and all 
the rest were used in the second bottle .  
The wt. of second speeific gravity bottle full  of H , 0=45 . 527 
The wt. of second specific gravity bottle dry =20 . 626 
The wt . of H 2 0  contained 24 . 901 
Wt. of bottle 
seed s and H 20 Specific 
to fill Gravity 
Iowa Blush . • . . • • . . . . • . . . . . . . . . . . . . . . . • . . . . . • . . . . . 3 6 . 2 4 1 6 7  gr. .93 5 
Kings . • . • • • • • . . . . • • . . . . . . . . . • . . . . • . • • . . . . . . . . . . . .  : 3 6 . 2 2 11 gr. 1 . 1 8 8  
Jonathan . • . . . • • • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 3 6 . 2 0 6 7 6  gr. .95 8 
Baldwin . . . . • . . . • • • . . . . . • . • • . . . . • . • . . . . . . • . . . . . . . . 4 5 . 4 1 3  gr. 1 . 0 7 2  
Willow Twig . • . . . . . . . • . . . . . . • . . . . . . . . • . . . . . . . . • . . . 4 5 . 5 5 6  gr. . 4 49 
Salome • • . . . . . • • • . . • • . . . • . . . . . . . . . . . . • • . . . . . . . • . . . 4 5 . 5 5 6  gr. 1 . 1 0 4  
Winesap . • • • . . . . . . . • . . . . • • . . . . . . . . • . • . . . • . . . . . . . . . 4 5 . 5 0 0  gr. .90 3 1  
.Greening • • . . • . . . . . . . . . . . . • . . . . . . . . . . • • . . . . . . . . . • . • 4 5 . 5 0 5  gr. . 6 6 5  
Sweep Apple . . . . . . . . . . . . . . . . • . . . . . . • . . • . . . . • . . . . . . 4 5 . 5 12 gr. . 893 
Cra,bapple . • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 4 5 . 5 0 1  gr. . 2 4 8 8  
Northern Spy . • . . • . . . . . . . . . . . . . . . . . • . . . • • • . . . . • • . . . 4 5 . 5 6 2 5  gr. . 8 6 7  
Seedling . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 5 . 6 1 4  gr. . 6 2 0  
It will be noticed by the preceding table that there is a very wide range of 
variation in the different varieties. Using the Baldwin for example : 
(Wt.  of H 20 contained in bottle or 24 .901 gr. ) - (Wt. of H .O to after seeds are put 
. 998 
in, or 23 . 833 gr . ) = 1
.
::: = 1 . 070 
13. Clark , v. A. Seed Selection According to Specitlc Gravity . N. Y. Agri . Expt . Sta 
�3 :335 . 
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8 density of substance or 1 . 070 1 0�9 p · gr ·  = density of H 2 0  at same temp. or . 998 = · 1 � sp .  gr ·  
Clark gives the following specific gravities which have been worked out fo r 
other seeds. That we may compare them with the specific gravity of the apple 
seeds the following table is inserted : 
Specific Gra vlty 
Cruciferae . . . . . . . . . . . . . . . . . .  about 1 . 2 1  down 
Lettuce . . . . . . . . . . . . . . . . . . . . 1 . 1 0  
Solanaceae . . . . . . . . . . . . . . . . . . 1 . 1 2 
Onion . . . . . . . . . . . . . . . . . . . . . . 1 . 1 8  
Carrot . . . . . . . . . . . . . . . . . . . . . 1 . 1 5  
Grapes . . . . . . . . . . . . . . . . . . . . . 1 . 1 6  
Buckwheat . . . . . . . . . . . . . . . . . 1 . 2 3  
Naked Leguminous seeds . . . . . . . . . .  1 . 3 0  t o  1 . 3 6  according t o  variety 
\Vheat . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 0  to 1 . 3 6  according to variety 
Rye . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1. 3 0 to 1. 3 6 according to variety 
It will be seen from the preceding table that the Kings Apple had the high­
est specific gravity of 1 .188, followed by the Salome with 1 .104,  the Baldwin 
with 1 .072 ,  the Jonathon with .958 ,  Iowa Blush with .935, Winesap with .9031,  
the Sweet Apple with .893,  Northern Spy with .867,  Greening with .665 ,  Willow 
Twig with .449 ,  the Wild Crabapple being the lowest with a specific gravity of 
.2488 .  
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DESCRIPTION OF PLATES. 
Plate 1. The histological anatomy of the seeds of the cultivated apple ( Pyrus 
malus ) and wild crab apple ( P. Iowensis ) .  Figures 1, 2, 3 , 5 - 1 2, Pyrus malus, figure 
4.  Pyrus I owensis. Fig. I .  a complete cross section of the testa inclusive of the 
endosperm of Russet Apple. In the succeeding figures all letters refer to the same 
structure. o. s. outer seed coat. i .  s. inner seed coat. p.  perisperm. en. endosperm. 
e. laminated epidermal cells. Sc. sclerotic parenchyma. c. cross cells. s. I. single layer 
of starch cells. Figure 2 .  c. cross cells with cross striations. en. endosperm with fat 
and eleurone grains. ! .  e. epidermis of the cotyledon of upper face. 1. p .  palisade cells 
of the upper face of the cotyledon. u. e. epidermis of the lower face of the cotyledon. 
u. p. elongated p arenchyma cells underneath. The cells of the embryo are filled with 
aleurone grains and fat. Fig. 1 Russet, fig. 2 Iowa Blush, fig. 3, Northern Spy, fig. 4 
Crab Apple ( Pyrus Jowensis ) ,  fig. 5 Willow Twig, fig. 6 Baldwin. 
Plate 2 .  Fig. 7 Jonathan, fig. 8 Winesap, fig. 9 Salome, fig. 10 Greening, fig. 1 1  
Sweet Apple, fi g  1 2  Seedling. 
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S O M E  S E E D S ,  G E N U S  PYRUS- PLATE I - PAM M E L .  
1 .  Rus set Apple . 2 .  Iowa Blush . 3. Northern Spy , (. Crab Apple . 
5. Willow Twig . 6. Baldwin .  · 
·e-epidermis . Le-lower epidermis of cotyledon . Sc- Sclerotic layer. Lp -palisade cells , 
lower side cotyledo n .  0-cross cells . Ue-upper epidermis . SI-starch laye r .  Up-pal 
isade cells , upper side of cotyledo n .  P-perisperm . Ie-inner epidermis . En-endo s ­
perm 
: 
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7. Jonathan . 
I OWA A C A D E l\l Y  OF SCI ENCE 
SOME S E E D S , GENUS PYRUS-PLATE Il-PAM M E L .  
8 .  Winesap . 9 .  Salome .  10.  Greenin g .  
Appl e .  12.  Seedling . 
55 
1 1 .  Sweet 
E-epldermls . Le-lower epidermis of cotyledon .  Sc-sclerotic layer. Lp-palisade cells , 
lower side cotyledo n .  0-cross cell s .  Ue-upper epidermi s .  St-Starch layer . Up-pal­
isade cells ', upper aide of cotyledo n .  P-perisperm . Ie-inner epidermi s .  En-endo s ­
perm . 9
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